Abstract
number of cleaning cycles due to continuous fouling formation on the membrane. It was 23 found that hydrophobic organic foulants were relatively easier to be removed from the 24 membrane surface by using the chemicals in this study, while hydrophilic inorganic foulants 25 such as Na + and Cl -were found to adhere more on the membrane surface after cleaning. The
Introduction

39
Nowadays, many regions of the world suffer from the scarcity of fresh water resources for one has yet investigated the use of chemical cleaning for pressurized hollow fiber ultrafiltration as pre-treatment of desalination by real seawater.
78
In the present study, fouling of membrane was generated using seawater as feed. A dead-end filtration set-up was used in the present study as shown schematically in Fig. 1 .
108
The feed flows perpendicularly to the membrane surface. Dead-end filtration experiment was LMH [9, 14, 38] . The schematic diagram of the lab-scale MF/UF system is shown in Figure   112 1. Seawater from the southern sea (location: Kijang-gun, Busan, South Korea), was used as In order to determine the degree of wettability, the hollow fiber membranes were subjected to 168 a contact angle measurement test using a tension meter (Sigma 701, Biolin Scientific increasing cleaning effectiveness up to 3% concentration, but declined its efficiency at >3%.
198
The pH of the alkaline solutions showed very high value of around 12, which is considered a harsh condition for the membrane [41, 42] . The photographic images in Fig. 2 Continuous fouling and cleaning tests were carried out for more than 2 days (Fig. 5) Tensile strength is commonly used in the structural material for stress and strain relationship.
285
The tensile strength was measured by extending the hollow fiber strings until rupture at a rate To analyse the composition of foulants and the membrane surface, FTIR spectra were taken. The morphological characteristics of the membrane surface and the inner pores were 325 characterized by SEM (Fig. 8) and EDX ( Table 6) . Fig. 8a showed smooth and clean surface of the virgin membrane, i.e., before the fouling process. However, after 20 h of test, the 327 membrane surface was covered with a big mass of foulant (Fig. 8b) . After the first cleaning 328 (Fig. 8c) , the membrane showed scattered small-sized particles, which seems to be inorganic 329 particles [50] . The particles were confirmed to be inorganic salts after EDX analysis ( Table   330 6). Similar observation was seen after 2-3 successive cleaning cycles (Figs. 8d-e) . However,
331
after 4 th cleaning cycle (Fig. 8f) , the membrane showed an agglomeration of particles, which 332 could be a mixture of organic and inorganic fouling. This illustrates that after several cleaning 333 cycles, the efficiency of cleaning has decreased, which could be due to more pore blocking by 334 foulants, as well as roughening of the surface due to many cleanings, which enhances the area 335 for fouling to occur. Additional analysis by EDX ( 
